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Impaired regulation of emotion: neural correlates of
reappraisal and distraction in bipolar disorder and unaffected
relatives
P Kanske1, S Schönfelder2, J Forneck3 and M Wessa2
Deﬁcient emotion regulation has been proposed as a crucial pathological mechanism in bipolar disorder (BD). We therefore
investigated emotion regulation impairments in BD, the related neural underpinnings and their etiological relevance for the
disorder. Twenty-two euthymic patients with bipolar-I disorder and 17 unaffected ﬁrst-degree relatives of BD-I patients, as well as
two groups of healthy gender-, age- and education-matched controls (N= 22/17, respectively) were included. Participants
underwent functional magnetic resonance imaging while applying two different emotion regulation techniques, reappraisal and
distraction, when presented with emotional images. BD patients and relatives showed impaired downregulation of amygdala
activity during reappraisal, but not during distraction, when compared with controls. This deﬁcit was correlated with the habitual
use of reappraisal. The negative connectivity of amygdala and orbitofrontal cortex (OFC) observed during reappraisal in controls
was reversed in BD patients and relatives. There were no signiﬁcant differences between BD patients and relatives. As being
observed in BD patients and unaffected relatives, deﬁcits in emotion regulation through reappraisal may represent heritable
neurobiological abnormalities underlying BD. The neural mechanisms include impaired control of amygdala reactivity to emotional
stimuli and dysfunctional connectivity of the amygdala to regulatory control regions in the OFC. These are, thus, important aspects
of the neurobiological basis of increased vulnerability for BD.
Translational Psychiatry (2015) 5, e497; doi:10.1038/tp.2014.137; published online 20 January 2015
INTRODUCTION
Bipolar disorder (BD) is a highly heritable, chronic disease
characterized by increased affect lability and intensity,1 elevated
emotional reactivity and presumably impaired emotion regula-
tion.2–4 Even though impairments in the implicit regulation of
emotion have been repeatedly observed,5–8 there are only few
reports on the voluntary regulation of emotion9 in BD.10,11 The
etiological relevance of deﬁcits in emotion regulation has been
suggested by many authors; however, empirically it is still unclear
if these deﬁcits emerge during the course of the disease or
precede its development, potentially representing increased
vulnerability. Furthermore, the neural correlates underlying the
potential impairments are largely unknown. They are particularly
interesting, as neural changes may precede behavioral manifesta-
tions in healthy high-risk populations.12–17
The regulation of emotion entails implicit, automatic and more
voluntary processes that may occur in parallel, but can also be
separated experimentally.2 Both seem to be supported by the
interactions of neural circuits underlying emotion generation,
including the amygdala, with cognitive control networks, mainly in
the prefrontal and anterior cingulate cortex.18–20 Voluntary
emotion regulation, in particular, has been suggested to comprise
a number of techniques that can be organized along a continuum
ranging from attentional control (for example, the disengagement
of attention from emotional stimuli through a distracting task) to
cognitive change (for example, the top–down reappraisal of a
certain stimulus).9 Direct comparisons of reappraisal and distrac-
tion in healthy individuals showed common effects in dorsolateral
and medial prefrontal cortex and in the downregulation of
amygdala activity, but also speciﬁcs including lateral orbitofrontal
(OFC) involvement in reappraisal, which was related to amygdala
downregulation.21,22
Models of emotion processing in BD2,4 propose abnormalities in
both, those regions involved in early emotion reactivity and those
involved more in the top–down regulation of emotion. A recent
meta-analysis on functional magnetic resonance imaging (fMRI)
studies in BD corroborates this with the ﬁnding of increased
parahippocampal gyrus/amygdala activity in response to emo-
tional stimuli.23 In contrast, BD patients show reduced activation
and reduced gray matter in the dorsolateral and ventrolateral
prefrontal cortex.23 Consequently, the hypoactivation of these
structures might lead to a deﬁcit in the voluntary downregulation
of exaggerated emotional responses in bipolar patients. On a self-
report level, BD patients and unaffected relatives show more
frequent use of maladaptive emotion regulation strategies, such
as rumination and self-blame, but less frequent use of adaptive
strategies, such as putting into perspective.24,25 Moreover,
previous neuroimaging studies of emotion reactivity and regula-
tion reported altered connectivity between the prefrontal and
limbic structures, which might underlie the proposed deﬁcit to
cognitively regulate emotions in bipolar patients.5,10,11,26,27 Thus,
the existing self-report and neuroimaging data strongly suggest
1Department of Social Neuroscience, Max Planck Institute for Human Cognitive and Brain Sciences, Leipzig, Germany; 2Department of Clinical Psychology and Neuropsychology,
Johannes Gutenberg University, Mainz, Germany and 3Section for Experimental Psychopathology and Neuroimaging, Department of General Psychiatry, Center for Psychosocial
Medicine, Heidelberg University, Heidelberg, Germany. Correspondence: Dr M Wessa, Department of Clinical Psychology and Neuropsychology, Johannes Gutenberg University,
Wallstrasse 3, 55122 Mainz, Germany.
E-mail: wessa@uni-mainz.de
Received 8 May 2014; revised 4 November 2014; accepted 18 November 2014



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Emotion regulation in bipolar disorder
P Kanske et al
2
Translational Psychiatry (2015), 1 – 9
emotion regulation deﬁcits in bipolar patients. However, so far, no
study experimentally compared different emotion regulation
capacities and their neural underpinnings in bipolar patients
and high-risk populations.
Investigations with healthy relatives of BD patients have shown
alterations not only in self-reported emotion regulation skills,25
but also in neural responses to emotional stimuli28 as well as to
cognitive challenges.29,30 These studies have, therefore, given rise
to the hypothesis that altered ventral prefrontal-limbic activity and
connectivity, critical for the cognitive regulation of emotion, may
be a precursor of the disorder.31,32 Similarly, alterations in
euthymic BD patients have been interpreted as representing a
vulnerability trait marker, although healthy individuals at risk to
develop BD have not been included in this particular study.33 The
evidence, therefore, suggests impairments in voluntary emotion
regulation in BD, which may already manifest in high-risk
populations such as unaffected relatives of BD patients. Directly
testing this question is both timely and important to identify
vulnerability markers that enable early diagnosis and potentially
preventive interventions, to reﬁne etiological models and to
develop more speciﬁc and targeted psychotherapy for BD.
The present study investigated two cognitive emotion regula-
tion strategies (that is, reappraisal and distraction) in euthymic
patients with BD-I, unaffected ﬁrst-degree relatives of BD-I patients
and, respectively, matched healthy controls. We used an
established experimental paradigm that activates ventral-limbic
brain areas related to emotional responses and a prefrontal–
parietal network related to emotion regulation in healthy
participants.21 Habitual use of maladaptive and adaptive
Figure 1. (a) Sequence of events in a trial. The example pictures resemble those in the experiment, but are not part of the IAPS. (b) Emotional
state ratings during the experiment. The means of self-assessment-Manikin-valence-ratings are displayed for BD patients (left), healthy
relatives (right) and their respective controls. BD, bipolar disorder; Con, control; IAPS, International Affective Picture System; Rel, relative; SAM,
Self-Assessment-Manikin.
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regulation strategies was assessed using the Cognitive Emotion
Regulation Questionnaire (CERQ).34
We hypothesized exaggerated emotional responses in BD
patients and relatives in self-reports and limbic activity. Similarly,
emotion regulation deﬁcits are expected, reﬂected in the reduced
downregulation of the amygdala in emotion regulation condi-
tions. On the basis of the known functional disturbances in
dorsolateral and ventrolateral prefrontal as well as parietal cortices
in BD patients reduced activation in these brain areas and thus
deﬁcient emotion regulation should be observable for distraction
as well as reappraisal. Furthermore, we expect that reduced
amygdala downregulation in BD patients and high-risk individuals
is mediated by disturbed functional connectivity between the
prefrontal cortex and limbic brain regions.
MATERIALS AND METHODS
Participants and diagnostic assessment
All participants underwent the Structured Clinical Interview for DSM-IV
(SCID-I/-II)35–38 and screening for exclusion criteria (neurological disorders,
head trauma with loss of consciousness, metal implants, tattoos, substance
abuse or dependence, age o18 or 465 years). Interviews and observer
rating scales for mania (Young Mania Rating Scale; YMRS)39 and depression
(Hamilton Depression Rating Scale; HAMD)40 were conducted by senior
clinical psychologists. Participants completed the Beck Depression
Inventory (BDI)41,42 and the CERQ.34 The study was approved by the
ethics committee of the Medical Faculty Mannheim, Heidelberg University.
All participants provided written informed consent before entering
the study.
Sample 1: BD patients and healthy controls. Twenty-two euthymic patients
with BD-I and 22 gender-, age- and education-matched healthy volunteers
with no history of psychiatric disorders participated (Table 1). Patients were
recruited at the Central Institute of Mental Health, Mannheim and through
local psychiatrists, psychotherapists and patient support groups. None of
the patients currently met the criteria for any DSM-IV disorder other than
BD. A life chart assessing variables related to illness course was completed
for all patients. Euthymia was deﬁned as a HAMD score o5 and a YMRS
score o7.43 We inquired about current medication and veriﬁed its stability
during the past 6 months. To analyze the psychotropic medication effect,
we calculated the total medication load according to a published
algorithm44 reﬂecting both the dose and variety of different medica-
tion.45 The composite measure was generated by summing all individual
medication codes for each medication category (2.32 (2.08)). We then
checked for correlations of this index with the effects of interest in bipolar
patients.
Sample 2: Relatives and healthy controls. Seventeen healthy ﬁrst-degree
relatives of BD-I patients and 17 gender-, age- and education-matched
healthy controls participated (Table 1). None fulﬁlled the criteria for any
mental disorder or took any psychotropic medication. The relatives were
not related to those BD patients tested in this study. Five relatives were
siblings, four were children and eight were parents of BD patients. Twelve
relatives had one case in the family and ﬁve relatives had two or more
cases in the family.
Experimental paradigm and procedure
The experimental paradigm (Figure 1a)21 confronted participants with 32
emotional, highly arousing (16 negative, 16 positive) and 16 neutral, low
arousing images (from the International Affective Picture System, IAPS).46
They were required to simply view the pictures (view condition) or to
downregulate the emotional response by reinterpreting the meaning of
the stimuli (reappraisal condition) or by distraction through an arithmetic
task (distraction condition). Each picture was presented once in each
condition (except for neutral images, which were not presented in the
reappraisal condition) yielding 128 pseudorandomly presented trials.
Instructions regarding the condition were displayed after an initial
emotion induction phase (1 s) as a semi-transparent overlay on the
images. The regulation phase (6 s) was followed by a rating of participants’
current emotional state on a nine-point scale using the Self-Assessment
Manikins ranging from unpleasant to pleasant (4 s). Participants were
instructed and trained outside the scanner in the application of the
emotion regulation strategies. Six additional training trials were presented
inside the scanner. In case of any difﬁculties with the procedure, the
practice block was repeated, which resolved all problems as reported by
the participants. Participants completed a questionnaire after the
experiment that asked for the applied regulation techniques to ensure
correct application of the instructions.
To validate the normative IAPS ratings of the pictures, all participants
rated each image after the experiment in arousal and valence, again using
Self-Assessment Manikins. These ratings were largely compatible with the
normative data (Supplementary S1).
MRI data acquisition
MRI data were collected on a 3T Siemens Magnetom TIM Trio at the Central
Institute of Mental Health, Mannheim. A high-resolution T1-weighted 3D
image was acquired (slice thickness = 1.1 mm, FOV=256× 240× 176mm,
matrix = 256× 240× 160). Functional images were obtained from 40
gradient-echo T2*-weighted slices (slice thickness = 2.3 mm). A single shot
echo planar sequence with parallel imaging GRAPPA technique (accelera-
tion factor 2) was used with TR = 2700ms, ﬂip angle = 90°, TE = 27ms,
FOV=220mm2, matrix = 96× 96, slice gap= 0.7 mm.
fMRI data analysis
Image processing and statistical analyses were done with SPM8 (http://
www.ﬁl.ion.ucl.ac.uk/). Functional images were realigned, slice time
corrected and spatially normalized using the Montreal Neurological
Institute template. For normalization, the images were resampled every
3mm using sinc interpolation. Images were smoothed using a
9× 9× 9mm Gaussian kernel.
Individual participants’ data were analyzed using a General Linear Model
for blood oxygen level-dependent signal changes. Movement parameters
calculated during realignment were included as parameters of no interest.
Individual statistical parametric maps were calculated to elucidate: (1) the
emotional response per se (view emotional vs view neutral), (2) the
distraction effect (distraction emotional vs view emotional) and (3) the
reappraisal effect (reappraisal emotional vs view emotional).
Two types of second-level random-effects analyses were conducted:
One-sample t-tests were calculated on the above-mentioned individual
contrast images across patients, unaffected relatives and controls. To
evaluate the differences between patients and matched controls, relatives
and matched controls and patients and relatives, two-sample t-tests were
computed for all the contrasts. For the analyses, we averaged across
negative and positive stimuli as direct contrasts of these conditions yielded
no differences in the emotion regulation networks and to enhance
statistical power.21 As there were no gender differences, we also averaged
across male and female participants.
To assess the functional connectivity of the amygdala during emotion
regulation, we calculated a standard psychophysiological interaction
analysis as implemented in SPM8.47 To this end, we extracted the
deconvolved time series from a 5-mm spherical seed region around the
peak activation (reappraisal vs view) in the anatomically deﬁned amygdala
regions of interest (ROI) as the ﬁrst regressor. The second regressor
represented the experimental condition (regulation vs view) and the
regressor of interest was the interaction of the two. A second-level
random-effects analysis with two-sample t-tests was calculated to compare
the connectivity differences between the groups.
For all analyses, anatomically deﬁned ROI from the WFU PickAtlas v2.0
(ref. 48) were used to examine activations in the amygdala and the
regulation networks as observed in our previous investigations of
reappraisal and distraction.21,49 These included as separate, bilateral masks
OFC, dorsolateral (dlPFC, middle frontal) and dorsomedial prefrontal
(dmPFC, superior medial), anterior cingulate (ACC) and parietal cortex
(inferior, superior). Activations were thresholded at a family-wise error-
corrected Po0.05. In addition, we applied the Bonferroni–Holm method,
which adjusts the P-values that were already corrected for family-wise error
rates within each ROI according to the total number of ROIs used in the
analyses50,51 or accordingly for the number of seed regions in the
psychophysiological interaction analysis analysis.52 Results that were
signiﬁcant at a whole-brain family-wise error-corrected Po0.05 level are
also reported.
To allow for correlations of the observed activations with the
questionnaire and clinical measures, we extracted individual % signal
change from the signiﬁcant cluster in a 5-mm radius sphere around the
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respective activation peak (if they fell into the respective anatomical ROI,
for example, the amygdala).
Statistical analyses of behavioral data
Emotion ratings were analyzed with SPSS 20.0 (IBM, IBM Statistics, Armonk,
NY, USA). First, to analyze the emotional responses to the pictures in the
viewing condition, repeated-measures analyses of variance with emotion
as within-subject factor and group as between-subject factor were
calculated. Second, to detect the effects of regulation strategies on
emotional state we conducted repeated-measures analysis of variance
with emotion and condition as within-subject factors and group as
between-subject factor. As there were no neutral pictures in the
reappraisal condition, the neutral condition was neglected for the second
analyses. For the CERQ data, we used t-tests to compare the groups.
RESULTS
Behavioral data
Online emotional state ratings. Analysis of the emotional state
ratings (Figure 1b) after each trial yielded a signiﬁcant main effect
of emotion in the viewing condition (Sample 1: F(2,84) = 191.5,
Po0.001, Sample 2: F(2,64) = 129.9, Po0.001). Planned compar-
isons revealed that negative and positive trials differed from each
other and from neutral trials indicating successful emotion
induction (all Po0.001). There were no group effects regarding
BD patients and controls (all P40.45), but regarding relatives and
their controls there was a signiﬁcant interaction of emotion and
group (F(2,64) = 3.3, Po0.05) indicating less positive ratings of
positive stimuli in relatives (F(1,32) = 7.8, Po0.01). Comparing BD
patients with relatives showed the same pattern (F(2,74) = 6.4,
Po0.01; F(1,37) = 5.8, Po0.05).
Regarding the effects of the different regulation strategies on
emotional state, we found a signiﬁcant main effect of emotion
(Sample 1: F(1,42) = 134.3, Po0.001, Sample 2: F(1,32) = 130.3,
Po0.001), a main effect of task (Sample 1: F(2,84) = 5.8, Po0.01,
Sample 2: F(2.64) = 10.8, Po0.001), as well as a signiﬁcant
interaction of emotion and task (Sample 1: F(2,84) = 48.1,
Po0.001, Sample 2: F(2,64) = 43.0, Po0.001). Repeated contrasts
regarding the interaction revealed that emotional pictures were
rated less negative or positive during distraction and reappraisal
as compared with the view condition (all Po0.001). There were
no group effects regarding BD patients and controls (all P40.15),
but regarding relatives and their controls there was a signiﬁcant
interaction of emotion and task with group (F(2,64) = 4.8, Po0.05)
indicating stronger downregulation of positive emotion during
reappraisal in controls (F(1,32) = 8.0, Po0.01). There were no
differences between BD patients and relatives.
Habitual emotion regulation strategies (CERQ). We observed
signiﬁcant group differences in maladaptive and adaptive
Figure 2. Increased amygdala activation during reappraisal for BD patients (a) and relatives (b) compared with their respective controls as well
as % signal change in the left amygdala. The difference in % signal change between the reappraisal and view conditions correlated negatively
with habitual reappraisal use in the CERQ (c), which was also decreased in BD patients and relatives (d). BD, bipolar disorder; CERQ, Cognitive
Emotion Regulation Questionnaire; Con, control; Rel, relative.
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emotion regulation strategies (Supplementary S2). BD patients
reported more frequent use of rumination, self-blame and
catastrophizing, but less frequent use of positive reappraisal.
Relatives also reported less frequent use of positive reappraisal,
but there were no differences in the other regulation strategies,
including putting into perspective. Comparing BD patients and
relatives showed higher scores for patients in rumination, self-
blame and catastrophizing, but no differences in positive
reappraisal.
fMRI data
Common effects for emotional responding, reappraisal and distrac-
tion. To assess whether the response to the emotional pictures
per se and the two emotion regulation strategies activated the
same networks identiﬁed previously,21,49 we ﬁrst averaged across
all participants. This analysis yielded activation patterns that were
largely compatible with our previous data and other reports in the
literature (Supplementary S3). Amygdala activation (together with
ventral temporal and occipital cortex and poster cingulate gyrus/
precuneus) was increased in response to emotional stimuli during
the view condition. In turn, amygdala activation was reduced in
both emotion regulation conditions. The control network for
reappraisal included bilateral OFC, dmPFC, dlPFC and inferior
parietal cortices. Distraction also activated dlPFC, dmPFC extend-
ing into ACC, insula and superior parietal cortices.
Group differences
Sample 1 - BD patients vs controls: When comparing the
activation in BD patients and controls, we found no differences
in responses to emotional compared with neutral stimuli in the
view condition. However, for reappraisal, we observed less
downregulation of left amygdala activity and right amygdala/
parahippocampal activity in BD patients (Figure 2, Table 2). There
were no differences between the groups in the distraction
condition or in activation of the regulatory control networks.
To elucidate the changes in amygdala connectivity during
reappraisal, we conducted a psychophysiological interaction
between-group analysis directly contrasting connectivity in the
reappraisal vs view condition in bipolar patients vs healthy
controls. Here we found signiﬁcant differences in the connectivity
between left amygdala (seed region) and right OFC (Figure 3,
Table 2) and ACC, and right amygdala with right OFC. Connectivity
during reappraisal between amygdala and OFC and ACC activity
was reversed in BD patients compared with healthy controls.
Although controls showed negative connectivity during reapprai-
sal (that is, an activation increase in the OFC was associated with
activation decrease in the amygdala), BD patients showed positive
connectivity between these regions.
Sample 2 - Relatives vs controls: The results in unaffected
relatives were largely comparable to those in BD patients. We
found no differences in responses to emotional compared with
neutral stimuli in the view and distraction conditions, but during
reappraisal, relatives showed less downregulation of amygdala
activity than controls (Figure 2, Table 2). There were no differences
between the groups in the distraction condition or in activation of
the regulatory control networks.
The psychophysiological interaction analysis in sample 2
showed that the connectivity of left amygdala with bilateral OFC
(Figure 3) and of right amygdala with right OFC was reversed in
relatives compared with controls. As in sample 1, the controls
showed negative connectivity during reappraisal, whereas rela-
tives showed positive connectivity between these regions.
BD patients vs relatives: There were no differences in the
activation or connectivity of the amygdala between BD patients
and unaffected relatives.
Correlation analysis. When correlating individual reappraisal use
with amygdala activity in the reappraisal vs view condition, we
found a signiﬁcant negative correlation (Figure 2; r=− 0.37;
Po0.01) indicating that participants high in habitual reappraisal
use are more successful in downregulating amygdala activity in
Table 2. Activation differences between BD patients, relatives and their respective controls and PPI results
H BA MNI coordinates Cs Z-value T-value
x y z
Rel4Con: reappraisal–view emotional
Amygdala L − 21 − 7 − 14 20 3.06 3.32
R 33 5 − 20 26 2.87 3.09
Ventral ACC L 10 − 12 50 − 2 108 4.20 4.90
Insula L 48 − 39 2 − 11 69 3.36 3.71
R 48 36 − 16 1 161 3.84 4.37
BD4Con: reappraisal–view emotional
Amygdala L − 15 − 4 − 17 18 2.99 3.18
Amygdala/parahippocampal R 21 5 − 26 60 4.31 4.87
BD4Con: PPI L-amygdala seed
Orbitofrontal L 47 − 42 35 − 8 53 4.94 5.79
BD4Con: PPI R-amygdala seed
Orbitofrontal L 47 − 12 50 − 5 23 4.41 5.01
Rel4Con: PPI L-amygdala seed
Orbitofrontal L 47 − 39 29 − 14 60 4.45 5.29
R 47 36 56 − 8 15 4.59 5.52
Rel4Con: PPI R-amygdala seed
Orbitofrontal R 47 39 56 −5 49 5.06 6.33
Abbreviations: BA, Brodmann area of the peak activation; Con, control; CS, cluster size in number of activated voxels; H, hemisphere; L, left; MNI, Montreal
Neurological Institute; PPI, psychophysiological interaction analysis; R, right; Rel, relative.
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the experimental setting. This pattern was consistent when
calculating correlations in the two samples separately (Sample 1:
r=− 0.35;o0.05, Sample 2: r=− 0.47; Po0.01).
We found no signiﬁcant correlations of amygdala activity with
any of the measures of current symptoms including BDI, HAMD
and YMRS (all P's40.10). In the patient group only, we also tested
for correlations with clinical characteristics. There were no
correlations with the number of previous episodes, time since
last episode, number of hospitalizations or age at ﬁrst hospitaliza-
tion, age at onset of the disease or medication load (all P's40.20).
DISCUSSION
We investigated cognitive emotion regulation and its neural
correlates in BD-I patients and unaffected relatives, which revealed
several important results. First, BD patients showed an emotion
regulation deﬁcit with respect to amygdala downregulation
during the reappraisal condition, mediated by reduced altered
connectivity between OFC and amygdala. Interestingly, this
regulation deﬁcit was only present in the reappraisal condition
and not during distraction. Second, these results were also
observed in unaffected relatives, with increased genetic risk to
develop BD in the future, which suggests their interpretation as a
vulnerability marker for BD. As the relatives are not affected by
previous disorder episodes, the deﬁcit does not seem to be a
consequence of but a predisposition for the development of the
illness. As the relatives are unmedicated, the observed impair-
ments are not an artifact of medication in BD patients. Third, the
deﬁcient downregulation of amygdala activity is paralleled by the
self-report of impaired habitual reappraisal, which gives an
indication of the ecological validity of the experimental effect.
The pattern of limbic hyperactivation and altered connectivity
with frontal regions is in line with the suggestion of impaired
prefrontal control over emotion generating regions like the
amygdala in BD.2 However, it further characterizes the conditions
of this impairment. We observed altered amygdala activity in
patients and relatives only in the reappraisal condition, not during
simple viewing of emotional stimuli. This contrasts other reports of
increased amygdala responses to mildly sad faces8 and facial
affect matching.7 However, there are also reports of lacking
amygdala group differences or even blunted amygdala respond-
ing to emotional stimuli in depressed BD patients.53,54 Such
inconsistencies have been found during euthymia as well.55,56 As
these studies did not explicitly instruct participants on how to
treat arising emotions, it is possible that the patients and controls
applied regulation differently, potentially in line with their habitual
use of emotion regulation.25 By explicitly instructing the use of
certain regulation strategies, the present study allowed studying
the speciﬁc effects of strategies, which could offer an explanation
for the discrepant previous results.
The present data also differentiate between the regulation
strategies. The observed deﬁcit was only present in the reappraisal
and not in the distraction condition. This is in line with the recent
evidence in unipolar depression, where amygdala regulation was
also selectively impaired during reappraisal.49 Together with the
data from healthy participants, where the effect of distraction on
amygdala activity is stronger and more extended,21,22 this
suggests that the regulatory effects of distraction are more robust
and less prone to impairment than reappraisal. A possible reason
could be that although distraction shifts attention away from the
emotional content of a stimulus, reappraisal requires focusing on
these aspects in order to reinterpret their meaning. Furthermore,
even though the difﬁculty of the conditions did not differ between
the groups (Supplementary S4), the reappraisal task is by
deﬁnition less speciﬁed and directive than the distraction
condition as there are more reappraisal options than solutions
for the arithmetic problems. This seems to be a particular
challenge for BD patients and relatives.
The reappraisal deﬁcit in BD patients and relatives was also
present in the self-report of habitual emotion regulation use
(CERQ). In addition, dysfunctional regulation strategies, such as
rumination, catastrophizing and self-blame, were reported more
frequently in BD patients (but not in unaffected relatives), which is
in line with a recent study using the same questionnaire.25 This
Figure 3. OFC regions of reversed functional connectivity to the left amygdala in BD patients (a) and healthy relatives (b) compared with their
respective controls. BD, bipolar disorder; Con, control; OFC, orbitofrontal cortex; Rel, relative.
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study did, however, not ﬁnd a decrease in reappraisal use as
reported here. It is possible that this lack of a reappraisal
difference is due to age differences between patients and controls
in that study, as age has been shown to inﬂuence emotion
regulation and also reappraisal speciﬁcally.57 It is intriguing that
the habitual use of reappraisal correlates with the amygdala
downregulation effect during experimental reappraisal, which also
corroborates the ecological validity of our experimental
procedure.
Surprisingly and in contrast to the neural activation patterns,
subjective affect ratings during the experiment were not affected
in BD. In contrast, the relatives of BD patients showed a smaller
reduction in positive affect during reappraisal than controls. This
effect is most likely due to the reduced potential of the positive
stimuli to induce emotion in this group, as shown in relatives’
lower valence ratings for positive stimuli during the viewing
condition. Interestingly, an opposite effect was observed for post
hoc ratings of the images after the experiment, where relatives
rated pictures more positively. This suggests some volatility in
positive affect in the relatives, who may be more sensitive to
external factors like the scanner environment, whereas currently
euthymic BD patients have a more stable subjective evaluation of
their current affect, potentially due to previous treatments. A
dissociation between preserved behavioral performance and
altered neural activation during cognitive–emotional tasks has
been observed before in euthymic BD patients.13 Euthymia might
thus indeed be a recovered state where measures like fMRI are
more sensitive than behavioral ones to pick up altered emotional
processing.
There are limitations to the present study. Patients with
differing medical status were tested. The lack of a signiﬁcant
correlation with medication load44 suggests that medication does
not have an important role for the effects, which is further
supported by the results in the unmedicated healthy relatives. It
has to be interpreted with great care nevertheless as the load
score was originally designed for the evaluation of treatment
adequacy and resistance. However, the use of this type of
composite measure of total psychotropic medication load has
been recommended for neuroimaging studies in BD45 and this
particular score has been used previously.50,58 Larger sample sizes
could allow delineating the exact effects of different medications
in future studies. Including symptomatic patients in future studies
would have the additional potential to elucidate if emotion
regulation varies with the symptomatic status of bipolar patients
in the sense of mood-congruent valence effects. We focused on a
priori-deﬁned ROI based on previous investigations regarding the
neural networks involved in emotion regulation,21,49 future studies
with larger sample sizes should also test for whole-brain
differences between the tested groups. Although the presence
of alterations in healthy individuals at increased risk to develop a
disorder has consistently been interpreted as an indication of
vulnerability,59–61 future longitudinal studies could allow much
stronger conclusions regarding the etiological relevance of the
observed deﬁcits.62
To conclude, we found an emotion regulation deﬁcit in
euthymic BD patients and unaffected relatives when applying a
reappraisal, but not a distraction strategy, indicated by the
impaired downregulation of amygdala activity and altered
connectivity with OFC. That healthy individuals at an increased
genetic risk of developing bipolar disorder do show the deﬁcit
indicates that it may represent a vulnerability marker. The
presence of the impairment during remission also highlights it
as a crucial treatment target, which should also be assessed with
sensitive neuroimaging methods.
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